Introduction
============

Endoscopic intubation of the oropharyngeal mucosa is commonly employed in the diagnosis and treatment of various disorders. Millions of such endoscopic procedures are performed every year around the world. Complications are infrequent and are related either to the procedure or the anesthesia provided to facilitate it. Topical anesthetics are widely used during endoscopy. Sprays are used to anesthetize the mucosa and suppress gag reflex, the tip of the endoscope is often lubricated with an anesthetic gel, and an anesthetic solution is sometimes instilled, especially in the bronchial mucosa. Methemoglobinemia is a rare complication of the use of topical anesthetics for mucosal anesthesia. It results from excess concentration of methemoglobin where the iron in the heme portion of the hemoglobin molecule remains in its ferric state.[@b1-lra-3-137] It has been reported with use of both benzocaine and lidocaine which are commonly used in this setting. The purpose of this review is to summarize our current knowledge of the etiopathogenesis of methemoglobinemia due to topical anesthetics in the setting of endoscopy.

Scope of the problem
====================

The exact incidence of topical anesthesia-induced acquired methemoglobinemia during endoscopy is unknown. There have been no prospective studies to date. Based on retrospective series, reported incidence with benzocaine varies from 0.067% to 0.45% during transesophageal echocardiography (TEE)[@b2-lra-3-137]--[@b4-lra-3-137] and 0.014% during bronchoscopy.[@b5-lra-3-137] Topical anesthesia for endoscopic procedures was responsible for 3% of all cases of acquired methemoglobinemia encountered at a tertiary care hospital.[@b6-lra-3-137] Moore and colleagues identified 132 cases of definite or probable methemoglobinemia due to benzocaine reported to the United States Food and Drug Administration's Federal Drug Adverse Event Reporting System between November 1997 and March 2002.[@b7-lra-3-137] Though the incidence during endoscopy is not reported, 93% of these cases were associated with the spray formulation which is typically used for endoscopy. Benzocaine was also the most common offending agent noted in an excellent review of the existing literature by Guay.[@b8-lra-3-137] Based on these data, several institutions including the Veterans Administration have removed benzocaine from their formulary.[@b9-lra-3-137]

There are many barriers to recognizing the true scope of the problem. Patients may remain asymptomatic with significant levels of methemoglobin. Even patients with symptoms may be misdiagnosed due to the nonspecific nature of the complaints, the physician's lack of knowledge of the disorder, and the absence of routine monitoring. Pulse oximetry, which is commonly employed in monitoring patients undergoing endoscopy, is unreliable for the diagnosis of methemoglobinemia. Thus, it is safe to assume that the true incidence is much higher.

Pathophysiology
===============

Oxidation of the iron molecule from its ferrous to ferric state leads to the formation of methemoglobin.[@b1-lra-3-137],[@b10-lra-3-137] Methemoglobin is constantly produced and reduced in the body ([Figure 1](#f1-lra-3-137){ref-type="fig"}). Production of methemoglobin occurs constantly in the body due to three mechanisms:

1.  Auto-oxidation: When molecular oxygen binds to deoxyhemoglobin, one electron is partially transferred from heme iron (Fe^+2^) to the bound oxygen, forming a ferric-superoxide anion. During deoxygenation, most of the oxygen leaves deoxyhemoglobin as molecular oxygen, but a small amount departs as a superoxide radical. This process results in molecules in which the heme iron remains in its ferric (Fe^+3^) state. This process occurs spontaneously at a rate of about 1%.

2.  Oxidative stress: Free radicals and other endogenous compounds such as superoxide, nitric oxide, and hydrogen peroxide are produced during metabolic activity in the body. These molecules lead to oxidation of the ferrous moiety in heme, leading to methemoglobin formation.

3.  Exogenous causes: Ingestion of exogenous compounds such as nitrites that may be present in food and water can result in production of compounds such as superoxide radicals.

Overall, a combination of these factors results in the production of a small amount of methemoglobin every day under normal conditions. At least three different mechanisms exist in the human body to effectively reduce methemoglobin:

1.  Cytochrome b5--NADH pathway: This pathway consists of a redox cycle which consists of cytochrome b5 (cytb5) and its reductase (cytb5R). Cytb5R contains an FAD (flavin adenine dinucleotide) group which accepts electrons from NADH (nicotinamide adenine dinucleotide), gets reduced to FADH2 (dihydro FAD) which in turn reduces cytb5. Reduced cytb5 donates electrons to the methemoglobin molecule and returns the iron to its ferrous state.[@b10-lra-3-137]

2.  Flavin--nicotinamide adenine dinucleotide phosphate (NADPH) pathway: This is mediated via flavin methemoglobin reductase which relies on NADPH as a source of electrons. Under physiological conditions, there are no electron carriers which can interact with NADPH, so the importance of this pathway under normal conditions is unknown. Activation of this pathway occurs in the presence of methylene blue or riboflavin which serve as electron carriers.

3.  Nonenzymatic pathways: Direct reduction of methemoglobin to hemoglobin is mediated by various substances such as ascorbic acid, reduced glutathione, etc.[@b10-lra-3-137]

Of these, the cytochrome b5--NADH pathway accounts for about 95% of erythrocyte-reducing capacity and is considered the only physiologically important pathway. However, a recent study questions the relative importance of each of these pathways.[@b11-lra-3-137] Under normal physiological conditions, the pathways that produce and reduce methemoglobin maintain a methemoglobin level of 1%--2% and prevent toxicity.

Methemoglobinemia occurs when these pathways are overwhelmed by excessive methemoglobin production usually in the setting of increased oxidative stress. High concentrations of methemoglobin cause functional anemia by two mechanisms: by impairing the oxygen carrying capacity of the blood and by shifting the oxygen dissociation curve to the left resulting in tissue hypoxia due to impaired oxygen release. In the setting of endoscopy, methemoglobinemia appears to occur in a subset of patients who appear to have a combination of anesthetic-, patient-, and procedure-related factors.

Anesthetic-specific factors
===========================

Topical anesthetics work by blocking voltage gated sodium channels on neurons.[@b12-lra-3-137] They are broadly classified into two groups based on their chemical structure: esters and amides. The most commonly used topical anesthetics during endoscopy in the United States are benzocaine (ester) and lidocaine (amide). There are relatively few cases of methemoglobinemia reported with lidocaine use which is surprising considering that it is widely used.[@b8-lra-3-137] The exact mechanism involved or the metabolites have not been described. As noted above, most cases of acquired methemoglobinemia in the medical literature have been reported with benzocaine use. Benzocaine is metabolized by plasma pseudocholinesterase to ethanol and para aminobenzoic acid. Animal studies describe differences in metabolism of benzocaine which may sometimes result in the production of a toxic metabolite (an aniline-containing N-hydroxyl derivative) capable of inducing methemoglobinemia.[@b13-lra-3-137] Similar differences in metabolism may exist in humans which explains why only a few individuals who are exposed to benzocaine develop methemoglobinemia. Guertler et al demonstrated that a 2-second spray of 20% benzocaine spray causes a statistically significant increase in serum methemoglobin levels at 20, 40, and 60 minutes after application from baseline (0.8% vs 0.9%, *P* \< 0.05) in a group of normal volunteers and those undergoing upper gastrointestinal endoscopy.[@b14-lra-3-137]

The dose of anesthetic administered can also play an important role in the pathogenesis. Excess amount of drug can result in increased production of toxic metabolites. A dose of 15 mg/kg in infants and between 150 and 300 mg of benzocaine have been implicated.[@b15-lra-3-137] Multiple reports have described the association between inappropriately high doses of benzocaine (due to excessive number of or increased duration of sprays) and the occurrence of methemoglobinemia. Two major nonmetered formulations of benzocaine spray are widely used: 14% benzocaine (Cetacaine^®^ \[which contains butamben and tetracaine\]; Cetylite Industries, Pennshauken, NJ) and 20% benzocaine (Hurricane spray and other formulations). The instructions for use indicate that physicians adhere to a specific amount of spraying time and avoid multiple sprays. The difficulty with following these dosage instructions has been previously described.[@b7-lra-3-137] The instructions involve using a limited number of sprays which should be administered within a specific duration. With nonmetered canisters, it is not possible to precisely control spraying time. Nonmetered canisters also deliver differing doses based on canister orientation and the residual volume. [@b16-lra-3-137] A metered dose benzocaine canister (Topex^®^; Sultan Healthcare, Hackensack, NJ) is now available and may help deliver precise doses. It is important to remember that cases of methemoglobinemia have been described even with the administration of recommended doses.[@b7-lra-3-137] Finally, the presence of mucosal trauma either from pre-existing tubes or due to endoscopy itself may cause increased absorption of the drug.

Patient-specific factors
========================

Several patient-specific risk factors have been described. It should be noted that these factors have been best studied with the use of benzocaine.

Age
---

Extremes of age (infants and the elderly) are predisposed to acquired methemoglobinemia. Neonates have lower levels of functional cytb5R. Hemoglobin F is also more easily oxidized than hemoglobin A.[@b17-lra-3-137],[@b18-lra-3-137] The functional activity of cytb5R decreases with age. In addition, the elderly are much more likely to have co-existing medical conditions and use medications such as nitrates that may predispose to methemoglobinemia.

Anemia
------

The presence of anemia has been noted to be significantly higher in patients who develop methemoglobinemia than controls (88.4% vs 44.7%; *P* = 0.002).[@b2-lra-3-137] The presence of a low baseline hemoglobin level makes patients more likely to exhibit signs of the functional anemia induced by increased methemoglobin. The cause of anemia may also predispose to methemoglobinemia. Patients who have anemia of chronic disease (due to chronic inflammation or infection) may also have higher levels of oxidative stress.

Infection
---------

In their series, Kane et al found that patients who developed methemoglobinemia were more likely to have active systemic infection than controls (68.4% vs 6.8%; *P* \< 0.001).[@b2-lra-3-137] Systemic infection is a powerful cause of oxidative stress which in turn increases methemoglobin production. Methemoglobin levels are increased in sepsis due to the excess production of nitric oxide.[@b19-lra-3-137] The susceptibility of patients with sepsis to methemoglobinemia appears to be due to a combination of factors in addition to the infectious process itself. Metabolism of anesthetics and elimination of oxidizing metabolites may be altered in patients who are seriously ill from infectious processes. In addition, patients with infections are more likely to be exposed to drugs such as dapsone, sulfonamides, and acetaminophen. In our experience with 886 patients undergoing TEE, patients who had an active systemic infection were more likely to have lower hemoglobin and albumin levels and higher use of acetaminophen and sulfa drugs (*P* \< 0.001).[@b4-lra-3-137]

Hypoalbuminemia
---------------

The presence of low albumin may lead to increased concentration of free benzocaine molecules which in turn cause methemoglobin production.[@b20-lra-3-137]

Hypoxia and pre-existing lung disease
-------------------------------------

Presence of hypoxia may provoke symptoms of methemoglobinemia at a lower methemoglobin level.

Pre-existing liver and cardiac disease
--------------------------------------

Amide anesthetics are predominantly metabolized in the liver via the cytochrome P450 system.[@b12-lra-3-137] Pre-existing liver disease may impair drug metabolism. Cardiac dysfunction may cause decreased perfusion of the liver thereby decreasing hepatic function and altering metabolism. This may not be a major concern with metabolism of ester anesthetics, but may contribute to the overall state of increased oxidative stress.

Drugs
-----

Numerous drugs have been implicated as risk factors for the development of methemoglobinemia and are enumerated in [Table 1](#t1-lra-3-137){ref-type="table"}.[@b18-lra-3-137],[@b21-lra-3-137] When patients who take these medications are exposed to benzocaine, the production of methemoglobin may overwhelm the body's reductive capacity.

Dietary factors
---------------

The influence of diet on occurrence of methemoglobinemia in the setting of endoscopy has not been well studied. Nitrites and nitrates are commonly used in processed food as a preservative.[@b17-lra-3-137],[@b22-lra-3-137] Higher concentrations of nitrites in well water have caused clusters of acute methemoglobinemia both in the United States and other countries. Patients who are exposed to such oxidative agents through their diet may constitute a high risk group when exposed to benzocaine.

Hospitalization
---------------

Hospitalized patients who undergo TEE are at a higher risk of developing methemoglobinemia.[@b2-lra-3-137] Patients who are hospitalized are likely to have a number of the above comorbidities and contributing factors such as infection and increased use of drugs. The alteration of gut flora in hospitalized patients as an inciting factor has not been studied. In infants, the low stomach acid and overgrowth of nitrite-reducing bacteria due to intestinal pH changes predispose to methemoglobin production.[@b18-lra-3-137] Similar changes may occur in critically ill adult patients who are concomitantly treated with proton-pump inhibitors.

Genetic factors
---------------

Differences in metabolism of anesthetics may account for increased production of toxic metabolites as described above. In addition, the genetic abnormalities in the reductive pathways may also influence risk. There are two forms of autosomal recessive deficiency of cytb5R. The deficiency in type 1 is limited to the red blood cells. Homozygous individuals present with cyanosis at birth and are readily identified. Heterozygotes are often asymptomatic until challenged by toxins or drugs. Type 2 deficiency occurs in all cells and is associated with mental retardation. Hemoglobin M is an autosomal dominant condition where the replacement of a histidine residue by tyrosine permits oxidation of iron. Patients with hemoglobin M present with cyanosis.

Of all these genetic factors, the most likely scenario in the setting of endoscopy is when a previously undiagnosed type 1 heterozygote is exposed to a topical anesthetic. However, in the single study done to date, most patients who develop methemoglobinemia due to topical anesthetics do not have detectable genetic deficiency.[@b23-lra-3-137] This is also supported by the observation that the risk of methemoglobinemia in the same individual may increase with changes in the body's milieu. A case report by Udeh et al illustrates how increased oxidative stress causes methemoglobinemia with benzocaine even when a prior exposure was uneventful.[@b20-lra-3-137] A critically ill patient is described who had an initial uneventful exposure to 14% benzocaine but developed methemoglobinemia with a 20% benzocaine spray 3 days later in the setting of worsening sepsis, hypoalbuminemia, and acetaminophen use.

Procedure-specific factors
==========================

There are no studies which directly compared the incidence of methemoglobinemia during various endoscopic procedures. However, in the case report literature most cases occur in the setting of transesophageal echocardiography. Fewer cases have been reported with esophagoscopy or bronchoscopy. In spite of the possibility of obvious bias, it is reasonable to hypothesize that TEE may be a predisposing factor. TEE is often performed without visual fiber optic guidance. It is not unreasonable to assume that more mucosal trauma would occur with a blind procedure rather than one where the tip of the tube is guided visually. Such trauma may cause increased absorption of the anesthetic. The clinical setting in which these procedures occur is also important. For example, a TEE performed to rule out vegetation in a septic patient may be more likely venue for occurrence of methemoglobinemia than a screening esophagoscopy for Barrett's esophagus in an asymptomatic patient. More research is needed to confirm this hypothesis.

Clinical manifestations
=======================

The development of clinical manifestations depends on the level of methemoglobin, baseline hemoglobin, and the presence of comorbidities such as heart and lung disease which may predispose patients to symptoms at lower levels. These manifestations and the level at which they are seen is shown in [Table 2](#t2-lra-3-137){ref-type="table"}.[@b21-lra-3-137]

Diagnosis
=========

The disease should be suspected in all patients who develop hypoxia, cyanosis, or tachypnea in the setting of endoscopy. Pulse oximetry which is commonly used to monitor patients using endoscopy is not useful in the diagnosis of methemoglobinemia. With higher levels of methemoglobin, the patient's blood acquires a unique chocolate brown color. Measurement of methemoglobin levels in arterial blood by co-oximetry is diagnostic. Noninvasive co-oximetry devices are now available,[@b17-lra-3-137] which can be used to monitor levels in real time.

Treatment
=========

Treatment consists of general supportive care and administration of intravenous methylene blue usually at a dose of 1--2 mg/kg over 5 minutes. Methylene blue through its metabolite leukomethylene blue (reducing agent) helps activate the flavin--NADPH pathway which is normally quiescent. It is recommended in symptomatic patients with a methemoglobin level more than 20% and in asymptomatic patients with a level above 30%.[@b24-lra-3-137] Treatment should also be considered at lower doses in patients with serious co-morbidities (such as heart and lung disease) which make them more susceptible to the effects of methemoglobinemia. Methylene blue may not effective in patients with glucose 6 dehydrogenase deficiency because insufficient NADPH is produced in this condition. It should be dosed carefully since excessive doses can cause hemolysis and paradoxical methemoglobinemia (since there is excess methylene blue compared to leukomethylene blue). An infusion of dextrose can be considered since it is necessary for the production of NADH and NADPH which are essential for the reductive pathways.[@b18-lra-3-137] Doses of methylene blue can be repeated up to a maximum total dose of 7 mg/kg. Exchange transfusion is used in severe cases where methylene blue therapy has been ineffective. Patients should be carefully monitored for at least 24 hours since some may develop rebound methemoglobinemia.

Areas of uncertainty
====================

Our knowledge of topical anesthetic-induced methemoglobinemia is severely limited by the lack of rigorously designed prospective studies. Most of our current understanding is from case reports and retrospective studies. The actual dose of anesthetic administered is often not clear. Multiple anesthetics may be concomitantly used, so attributing blame to a single drug is not possible. There may be several patient factors that are missed in a retrospective review of records. The other important limitation is the fact that many minimally symptomatic cases are probably not diagnosed.

Suggestions for design of future studies
========================================

A carefully designed prospective study is needed to test the findings of available reports which should only be considered hypothesis generating. This future study should randomize patients undergoing endoscopy to benzocaine and lidocaine. The study should also attempt to test the dose--response relationship in various subsets of patients based on their predisposing factors and in different endoscopy settings. Demographic data collected should include baseline medication use, dietary nitrite intake, and other comorbid conditions. Baseline methemoglobin levels should be obtained. The dose of anesthetic administered should be clearly documented. Continuous methemoglobin monitoring would be preferred to random sampling. Noninvasive determination of methemoglobin levels is now possible and is preferred to invasive collection of arterial blood. The knowledge gained from such a study would be immensely helpful in furthering our knowledge of methemoglobinemia.

Conclusion
==========

The occurrence of acquired methemoglobinemia due to topical anesthetics appears to be the consequence of a "perfect storm" of predisposing anesthetic, patient, and possibly procedure-related factors. Since most cases of benzocaine-associated methemoglobinemia occurred in patients with readily identifiable risk factors (infection, anemia, etc), it may be prudent to avoid benzocaine in this population. Prospective studies using continuous measurement of methemoglobin levels are needed to better understand this problem and to develop recommendations to prevent it.
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###### 

List of medications commonly used in clinical practice that have been linked to methemoglobinemia[@b17-lra-3-137],[@b20-lra-3-137]

  ----------------------------------------------------------------------------------------------
  **Antimalarials --** Primaquine, chloroquine
  **Antineoplastic agents --** Cyclophosphamide, flutamide
  **Antibiotics --** Sulfonamides, dapsone, nitrofurantoin
  **Local anesthetics --** Benzocaine, lidocaine, prilocaine, bupivacaine
  **Antianginal agents --** Nitroglycerin, nitrates
  **Antihypertensives --** Sodium nitroprusside
  **Anti-inflammatory/analgesics --** Acetaminophen, celecoxib, sulfasalazine, phenazopyridine
  **Other agents --** Rasburicase, zopiclone, metoclopramide
  ----------------------------------------------------------------------------------------------

###### 

Clinical symptoms and signs of methemoglobinemia in relation to the level of methemoglobin

  Level of methemoglobin   Clinical symptoms and signs
  ------------------------ ---------------------------------------------------------
  \<10%                    Frequently asymptomatic, occasionally grayish skin
  10%--20%                 Skin changes such as cyanosis
  20%--30%                 Dyspnea, headache, anxiety
  30%--50%                 Dizziness, palpitations, confusion, tachypnea
  50%--70%                 Seizures, cardiac arrhythmias, metabolic acidosis, coma
  \>70%                    Death
